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Abstract

Background: Aloe vera leaf gel has proven efficacious roles in the amelioration of several human diseases and
illness-conditions. Specific purified gel-derived bio-constituents as well as the naturally harvested unprocessed A.
vera gel have shown promise in modifying systemic inflammation. However, the synergistic role of natural herbal
remedies, a mainstay of traditional Indian Ayurveda, has not been evaluated rigorously in this plant. In this study,
the prevention of membrane lysis and protein denaturation in the presence of A. vera gel homogenate up to the
concentration of 1000 μg/ml of gel has been assessed in vitro. Also, regulation of expression of inflammation-
mediator genes (TNF-α and Cox-2) has been investigated in vivo in Freund’s complete adjuvant (FCA)-induced
inflammatory arthritic Wistar albino rats in a 28-day long study following the daily oral supplementation of Aloe vera
gel homogenate doses up to 0.40 and 0.80 g/kg body weight (low-dose and high-dose groups respectively).

Results: Our results indicated that A. vera gel homogenate inhibits hypotonicity-induced (74.89 ± 1.26%) and heat-
induced (20.86 ± 0.77%) RBC membrane lyses respectively at a concentration of 1000 μg/ml, compared to
indomethacin standard (80.52 ± 0.65% and 43.98 ± 1.52% respectively at 200 μg/ml concentration). The similar
concentration of gel also showed 39.35 ± 4.25% inhibition of protein denaturation compared to standard
diclofenac sodium (46.74 ± 1.84% at 100 μg/ml concentration) in vitro. When assessed in vivo, TNF-α expression
was found to be decreased by 35.88% and 38.52%, and Cox-2 expression was found to be decreased by 31.65%
and 34.96%, in low-dose and high-dose groups respectively, when compared to the arthritic controls.

Conclusions: Our findings justify the role of unprocessed A. vera gel homogenate in preventing tissue damage and in
the downregulation of TNF-α and Cox-2 gene expressions for the immune-modulation of inflammatory arthritis condition.
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Background
Inflammation is a common complex biological cascade
of events that occurs in response to any kind of injuries,
mechanical damage, infection, toxin exposure, or chemical
irritation in the tissue. Inflammatory pathways lead to the
protection of the body. However, prolonged inflammation
can cause chronic disorders and extensive tissue damage.
Depending on the duration of the inflammatory responses
in the body, the inflammatory processes are commonly
grouped into acute (short-duration) and chronic (long-
duration) inflammation. During inflammation, immune
cells release lysosomal contents that act as mediators of
inflammation. These enzymes work non-specifically on
the nearby cells and cause further damage by breaking
their membranes. This process significantly increases the
degree of inflammation [1]. The erythrocyte (RBC) mem-
branes are considered as a model of the lysosomal mem-
brane for their structural similarity [2]. It is expected that
the drugs or products capable of preventing the rupture of
the erythrocyte membrane experimentally would also
protect the lysosomal membrane of the affected tissue
in vivo resulting in the inhibition of inflammation. On the
other hand, an increase in protein denaturation has been a
hallmark of inflammation [3]. Drugs exhibiting the protein
denaturation-inhibition in vitro are expected to elicit
similar results in biological systems and would stabilize
inflammation [4].
Rheumatoid arthritis (RA) is a complex systemic

inflammatory disease of the bone joints which leads to
disabilities of joint movements. Presently, about 0.5–2%
of the world population is affected by the disease. The
current treatment of RA focuses on the pain reduction
and inhibition of disease manifestation through blockage
of prime mediator molecules related to the disease [5].
Cytokines and Cox-2 are the prime regulators of inflam-
matory diseases. TNF-α is one of the important cytokines
which regulates the progression of inflammatory RA by
inducing different signaling pathways. These signaling
pathways are instrumental in immune cell infiltration and
increased production of other cytokines [6, 7]. Elevated
COX-2 expression in synovial tissues of the arthritic joint
is mediated chiefly by the pro-inflammatory cytokines
TNF-α and IL-1. The effector product of Cox-2 is prosta-
glandin E2, which contributes extensively to the degree of
inflammation [8, 9].
To treat the consequences of extensive inflammation

and inflammatory diseases like RA, non-steroidal anti-
inflammatory drugs (NSAIDs), or steroids are commonly
used. But due to the different side effects of conventional
NSAIDs and steroids, the use of herbal remedies is
increasingly becoming a popular choice. However, many
of these herbal remedies lack scientific exploration and
thus experimental validation [10]. These products are gen-
erally classified as complementary and alternative medicines

(CAMs). CAMs are generally inexpensive and with no or
low side effects. In the Indian CAM system, Ayurveda
emphasizes the use of plant and animal products, dietary
supplements, minerals, and salts, largely in crude and
unprocessed forms, in amelioration of disease conditions.
World Health Organization (WHO) has documented that
about 80% of the world population directly or indirectly
depends on ethnic medications [10, 11].
Aloe vera (Family Xanthorrhoeaceae) is one of the

pioneer plants which have been used historically to
reduce inflammatory symptoms by different ethnic pop-
ulations. Researchers have found potent wound healing,
anti-inflammatory, anti-arthritic, and anti-nociceptive
properties of the Aloe vera gel in appropriate model
systems [5, 12–14]. The interaction of the plant gel
constituents with inflammation modulators is a key
area of interest at the experimental level [15]. There
is no detailed work reported on such naturally occurring
unprocessed A. vera gel in animal models and thus the pre-
sented data is expected to contribute to the existing body
of knowledge on the medicinal properties of A. vera gel. In
the present work, assessment of in vitro anti-inflammatory
potentials of unprocessed naturally harvested A. vera plant
gel homogenate is done and in vivo assessment of the ex-
pression of two apex biomolecules of inflammation namely
TNF-α and Cox-2 has been done in FCA-induced inflam-
matory arthritic rat model following A. vera gel homogen-
ate oral consumption.

Methods
Collection of plant materials and authentication
Naturally grown A. vera plants were collected from Siliguri
and adjacent regions which is located in the sub-Himalayan
Terai region of West Bengal, India. Collection of the plant
material and experiments were done during the year 2016–
2018. The plant was identified by competent authority, and
a voucher specimen was deposited [Accession No. 09884].

Preparations of plant extract and dose determination
Crude Aloe gel was collected by peeling out the green
outer dermal layer and by taking out the gel aseptically
with the help of a scalpel. For the in vitro anti-
inflammatory tests, the gel was weighed and properly
homogenized with isotonic buffer solution or with distilled
water (for hypotonicity-induced membrane stabilization
test) to obtain final concentrations of 600, 800, and
1000 μg of gel/ml. The sample was freshly prepared every
time before use. Authors postulate that the process of
simple homogenization preserves all the ingredients of the
crude gel in the same proportion as it is obtained naturally
from the leaves. The use of homogenization as an extrac-
tion process has been supported by other works [16, 17].
For the in vivo experiments on arthritic rat models, doses
of 0.40 and 0.80 g of Aloe vera gel/kg body weight (b.w.)
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(low dose or LD and high dose or HD groups respectively)
were prepared by homogenizing Aloe vera gel with
distilled water at a ratio of 1:3 (w/v). These doses were
prepared based on our previous works [5, 18] considering
the possible amount of daily consumption of the Aloe vera
gel to be 25–50 g for a human weighing 60 kg. No post-
harvesting extraction or processing was done to preserve
the naturally available bioactive components of the gel.

Drugs and chemicals
All the chemicals used for the experiments were molecu-
lar biology grade chemicals procured from Merck, Sigma
Aldrich and HiMedia (India). Freund’s complete adjuvant
was procured from Sigma, USA. Reverse transcriptase
enzyme was obtained from Thermo Fischer, USA; total
RNA was prepared using Trizol (Invitrogen, USA); ran-
dom hexamer, oligo dT, and dNTP were used from GCC
Biotech, India, and SybrGreen reaction mixture was
obtained from Roche, USA.

Experimental animal maintenance
Wistar albino male rats (Rattus norvegicus) (150 ± 15 g)
were procured from Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA, India) registered animal vendor (M/s Chakra-
borty Enterprise, Kolkata, India) after the approval of the
experimental protocols by the Institutional Animal Ethical
Committee (IAEC, NBU) (Registration number 840/ac/04/
CPCSEA; IAEC protocol number IAEC/NBU/2018/02).
The animals were housed in the departmental animal house
facility at 24 ± 2 °C with a 12 h/12 h day/night cycle and
were fed with standard pellet and water was provided ad
libitum. All animals were acclimatized for a period of at
least 10 days before the initiation of the experiments. Four
or fewer rats were kept per cage during the entire period.

In vitro anti-inflammatory tests
Collection of blood and preparation of erythrocyte
suspension for in vitro membrane-stabilizing experiments
Three milliliters (3 ml) of fresh blood was collected in an
EDTA vial from a healthy human volunteer who had not
taken any NSAID at least 15 days prior to the collection.
Erythrocyte suspension was prepared following the
protocol described by Anosike et al. [2] and was stored
at 4 °C prior to the experiments [2].
The membrane stabilizing activities of A. vera gel

homogenate were assessed by a method following
Shinde et al. [19] with some minor modifications.

Hypotonic solution-induced hemolysis test
Hypotonic solution-induced hemolysis test was undertaken
following the methodology of Shinde et al. [19], with some
modifications. Aloe vera gel homogenates were prepared to
attain final concentrations of 600, 800, and 1000 μg of gel/

ml either in hypotonic solution (homogenized in distilled
water) or in isotonic solution (homogenized in isotonic
buffer solution of pH 7.4). The RBC membrane breakage in
hypotonic situation was calculated compared to that in the
isotonic solution. In standard group, standard drug indo-
methacin was added to 5ml isotonic buffer as well as to
hypotonic distilled water in separate tubes to attain a final
concentration of 200 μg/ml [19]. The absorbance values
(OD) of the supernatants were measured at 540 nm. The
percentage of inhibition of hemolysis was calculated consid-
ering the hemolysis occurring in the hypotonic solution or
in distilled water of the control tubes to be 100%. Thus, the
percentage of inhibition (PI) of hemolysis was calculated
using the following equation:

PI ¼ 1 −
OD2 −OD1
OD3 −OD1

� �� �
� 100

where:
OD1 = absorbance of test sample in isotonic solution
OD2 = absorbance of test sample in hypotonic solution

(distilled water)
OD3 = absorbance of control sample in hypotonic

solution (distilled water)

Heat-induced hemolysis test
For this test, one untreated control group, three experi-
mental plant extract-treated groups, and one standard
drug group were considered following the methodology
described by Shinde et al. [19] with some minor modifica-
tions. In the experimental groups, Aloe vera gel was ho-
mogenized in isotonic phosphate buffer solution (pH 7.4)
at a final concentration of 600, 800, and 1000 μg/ml. The
standard drug group contained indomethacin in 5ml of
isotonic buffer solution at a final concentration 200 μg/ml
[19]. Absorbance values (OD) of supernatant was mea-
sured at 540 nm. The percent inhibition (PI) of hemolysis
was calculated using the following equation [20]:

PI ¼ OD2 −OD1ð Þ
OD2

� 100

where:
OD1 = absorbance of heated test sample (isotonic buffer)
OD2 = absorbance of heated control sample (distilled

water)

Protein denaturation-inhibition test
The protein denaturation-inhibition test was done
following established protocol [21] with some minor
modifications to investigate the protein denaturation-
inhibition activity of Aloe gel homogenate. For the
experiment, along with 0.2 ml of egg albumin and 2.8ml
of PBS (pH 6.4), 2 ml of various concentrations of Aloe
vera gel homogenates were added to experimental groups
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which finally gave rise to 600, 800, and 1000 μg/ml
concentration of gel in the groups. Diclofenac sodium was
used as standard drug. In the standard drug group, the
drug was added in the mixture to achieve a final concen-
tration of 100 μg/ml in the 5ml mixture which contained
0.2 ml of egg albumin and 2.8ml of PBS (pH 6.4) [21].
The absorbance of the solutions (OD) was measured
spectrophotometrically at 660 nm. The percentage of
inhibition (PI) of protein denaturation was calculated
using the following equation [22]:

PI ¼ OD2 −OD1ð Þ
OD2

� 100

where:
OD1 = absorbance of heated test sample
OD2 = absorbance of heated control sample

In vivo anti-arthritic tests
The experimental set up consisted of 24 rats distributed
in four animal groups each containing 6 rats (n = 6).
Animals were randomly distributed in one positive
control (PC), one FCA or negative control group (FCA),
and two experimental groups of LD and HD respect-
ively, receiving daily oral supplement of A. vera gel hom-
ogenate at a dose of 0.40 g/kg b.w. and 0.80 g/kg b.w.
respectively, once a day from the first day of the experi-
ment till 28th day. Freund’s complete adjuvant (Sigma,
USA) was administrated (0.1 ml) in the right hind paw
of all the experimental rats except PC on the first day.
Arthritic swelling was observed within 3–4 days and a
booster dose of same amount was given on 14th day.
The inflammatory paw swelling of all the groups was
observed and was assessed through the measurement of
paw circumference with the help of a vernier caliper up
to 28th day at a regular interval of 3 days (data not
shown). The animals were sacrificed on 28th day follow-
ing complete anesthesia using diethyl ether. On the day
of sacrifice, blood was collected separately from each rat.
Total RNA was prepared using Trizol (Invitrogen, USA)
following the instruction of the manufacturer. The total
RNA prepared separately from each of the animals of
each group was then pooled together group-wise. From
each group, sufficient amount of cDNA was prepared
using reverse-transcriptase enzyme (Thermo Fischer,
USA), random hexamer, oligo dT, and dNTP (GCC
biotech, India) following the protocol suggested by the

manufacturer (Thermo Fischer, USA). The prepared
cDNA was used to assess the relative expression of
TNF-α and Cox-2 among different groups in Lightcycler
96 real-time quantitative PCR (Roche, Switzerland). The
exon-specific primers of TNF-α and Cox-2 was used
along with a housekeeping gene GAPDH as endogenous
control (Table 1). In brief, 5 μl of cDNA was used and
mixed with 10 μl of SybrGreen, 0.3 μl of each of the for-
ward and reverse primers (10 mM) and 1 μl of dNTP.
Reaction volume was adjusted up to 20 μl by adding
nuclease-free water. Annealing temperature of 59 °C was
standardized for all the three genes and 45 amplification
cycles were implemented. The relative mRNA expres-
sions of the selected genes were calculated using 2−ΔΔCt

method. In this method, the expression of target genes
were measured in fold change values which were
analyzed with respect to the endogenous control
gene expression.

Statistical analysis
The in vitro anti-inflammatory tests were carried out in
triplicates for each of the groups. All statistical analyses
for anti-inflammatory tests were done using GraphPad
prism ver 6.01. All the data were represented as mean ±
S.E.M. (standard error mean) and were analyzed with
one-way ANOVA followed by Dunnett’s multiple com-
parisons test. The results were considered statistically
significant at P < 0.05 compared to the control group.
The *** denotes significance value at P < 0.001.

Results
In vitro anti-inflammatory tests
Effect of Aloe vera gel homogenate on hypotonicity-induced
hemolysis of hRBCs
The standard NSAID drug indomethacin showed the
highest protection (80.52 ± 0.65%) at the concentration
of 200 μg/ml against hypotonicity-induced lysis of RBCs.
A. vera gel homogenate protected the human RBCs in a
concentration-dependent manner (Fig. 1a). Among the
experimental groups, highest protective effect was seen
in 1000 μg/ml A. vera gel homogenate dose group (74.89
± 1.26%).

Effect of Aloe vera gel homogenate on heat-induced
hemolysis of hRBCs
All the doses of A. vera crude gel homogenate (600, 800,
1000 μg/ml) showed a significant inhibition activity against

Table 1 List of the primers used in the real time quantitative PCR method

Gene Forward primer Reverse primer

GAPDH ATGACTCTACCCACGGCAAG CTGGAAGATGGTGATGGGTT

TNF-α AGCCCTGGTATGAGCCCATGTA CCGGACTCCGTGATGTCTAAGT

Cox-2 TGTATGCTACCATCTGGCTTCGG GTTTGGAACAGTCGCTCGTCATC
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heat-induced hemolysis of hRBCs (Fig. 1b). The PI
of hemolysis within experimental groups was dose
dependent and maximum inhibition of hemolysis
was observed in 1000 μg/ml dose group (20.86 ±
0.77%). Standard NSAID drug indomethacin showed
the maximum inhibition of 43.98 ± 1.52% at 200 μg/ml
concentration.

Effect of Aloe vera gel homogenate on protein
denaturation-inhibition test
All the dose groups of A. vera gel homogenate showed
significant inhibition of protein denaturation in a dose
dependent manner (Fig. 1c). In the experimental groups,
Aloe dose groups of 600 μg/ml, 800 μg/ml, and 1000 μg/
ml showed 34.27 ± 3.86%, 37.82 ± 5.30%, and 39.35 ±
4.25% inhibition of protein denaturation, respectively. The
standard NSAID drug diclofenac sodium showed an in-
hibition of 46.74 ± 1.84% at a concentration of 100 μg/ml.

In vivo anti-arthritic test
The expression of the target and the internal control
genes were assessed in the negative control (FCA) and
experimental animals (LD and HD) relative to the
normal animals (PC) (Figs. 2 and 3). For both the genes,
inhibition of expression of target genes in the experi-
mental groups was observed in dose-dependent manner.
The TNF-α showed an elevated expression (fold change)
in the FCA group (2.271 ± 0.85) compared to PC (1 fold)
(Fig. 3a). TNF-α expression was reduced in both the
Aloe gel-fed groups (1.456 ± 0.11 and 1.396 ± 0.10 folds
in LD and HD groups respectively). Cox-2 increased in
FCA-treated animals compared to positive control
(1.842 ± 0.68) but decreased in the dose groups (1.259 ±
0.11 and 1.198 ± 0.083 folds for LD and HD groups

respectively) (Fig. 3b). It is evident that the expression of
TNF-α was decreased by 35.88% and 38.52% in LD and
HD groups respectively compared to FCA group ani-
mals; Cox-2 expression decreased by 31.65% and 34.96%
respectively in LD and HD compared to FCA group
animals.

Discussion
Erythrocyte membrane stability test is a well-established
study to screen the possible anti-inflammatory effect of
synthetic drugs as well as of various traditional herbal
extracts [19]. During inflammation, lysis of the mem-
branes of the lysosomal vesicles occurs that releases
their component enzymes which induce the inflamma-
tory response. Thus, a stabilized membrane prevents the
release of its contents as well as the progression of
inflammation. Non-steroidal anti-inflammatory drugs
(NSAIDs) exert their beneficial effects by either stabiliz-
ing the lysosomal membranes or by inhibiting the re-
lease of lysosomal enzymes [2]. Exposure of RBCs to
hypotonic medium or high temperatures results in the
lysis of the RBC membranes accompanied by hemolysis
and oxidation of hemoglobin. In the hypotonic solution,
the hemolytic effect is related to excessive accumulation
of fluid within the cell resulting in the rupturing of its
membrane. Increased body temperatures also cause the
rupture of the RBC membrane resulting in hemolysis
[23]. In our study, a dose-dependent relationship of Aloe
gel homogenate against both hypotonicity and heat-
induced hemolysis has been found. Therefore, both the
doses of the plant extract may inhibit the release of
lysosomal content during the inflammatory processes. A
possible explanation for the membrane stabilizing activ-
ity of plant extracts could be an increase in surface area/

Fig. 1 Results of in vitro anti-inflammatory tests in graph. Hypotonicity-induced hemolysis test of hRBC (a), heat-induced hemolysis test of hRBC
(b), and protein denaturation-inhibition test of hen’s albumin (c) when treated with Aloe vera gel homogenate. All data represents % of inhibition
± SEM. Significance value at P < 0.001 is indicated as ***. Indomethacin and diclofenac sodium are used as standard drugs in experiments as
indicated. Control group (not shown in the figures) is considered to exert 100% hemolysis
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volume ratio of the cell [24] or by a stabilization of the
skeletal proteins such as tropomyosin [25, 26].
In the protein denaturation-inhibition test, the

denaturation of egg albumin was induced by heat
treatment. Heat exposure causes the breakage of the
functional three-dimensional structure of protein.
Protein denaturation is a well-documented feature in
chronic inflammatory diseases like RA, especially in the
severe stages of the disease [27]. Standard NSAID drugs
can inhibit heat-induced protein denaturation [4, 21]. In
this study, it has been found that Aloe gel homogenate

can also inhibit heat-induced protein denaturation. This
signifies the anti-inflammatory roles of the plant in vitro
and further encourages exploration of its efficacy in in-
flammatory conditions in vivo.
Cytokines are the key mediators of inflammation.

TNF-α is a pro-inflammatory cytokine released from
macrophages and monocytes. TNF-α is responsible for
the transportation of more immune cells and chemokines
to the inflamed region. It also initiates the production of
matrix metalloproteinases responsible for cartilage deg-
radation [7]. On the other hand, Cox-2, an immune

Fig. 2 Amplification curves for all the three selected genes in different experimental groups (in duplicates) in reverse transcription quantitative PCR

Fig. 3 Results of in vivo anti-inflammatory tests in graph. Relative expression fold changes in the TNF-α (a) and Cox-2 (b) genes assessed through
reverse transcriptase real-time quantitative PCR. The significance value of low dose (LD) and high dose (HD) groups are compared with the
experimental group (FCA). Positive control (PC). P value at P < 0.01 is considered significant
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modulator, is responsible for the increased production of
prostaglandin E2 which results in increased pain and
swelling at the site of inflammation [9]. Cytokines along
with Cox-2 are target bio-molecules of the host body
which have a regulatory role on inflammation progression.
NSAIDs primarily work on cyclooxygenase pathway [28].
Cytokine inhibitors have been introduced in the medica-
tion against inflammation as well.
In the present study, our results show that the A. vera

unprocessed gel homogenate downregulates TNF-α as
well as Cox-2 expressions in experimental animals in a
dose-dependent manner. The crude unprocessed homoge-
nized form of A. vera gel has been orally administered
without any post-harvesting processing, a method which
is in traditional use in different ethnic communities of
Egypt, Rome, Africa, and Asia [29]. In our previous works,
we have reported the ameliorative role of unprocessed A.
vera gel homogenate in the regulation of inflammatory
and arthritic symptoms in experimental rats. The paw
circumference, serum biochemical parameters, and blood
profile were restored to normal levels after oral feeding of
unprocessed Aloe gel homogenate [5, 30]. The present
study now further shows that the unprocessed A. vera gel
homogenate concomitantly downregulates both TNF-α
and Cox-2 in the experimental animal groups. This report
can be considered as baseline data describing the efficacy
of crude unprocessed plant products against inflammatory
arthritis. By not extracting the gel in polar or non-polar
solvents, we presume, the natural constituents of A. vera
gel have been restored in its natural proportion and
thus natural synergistic role of the gel has been
monitored. Considering the previous works done in
this regard, different bioactive compounds of the gel
has already been mentioned by other workers which
contribute to the efficacy of the plant as an anti-
inflammatory resource. Davis et al. [12] has mentioned
that the polysaccharides obtained from Aloe vera are potent
anti-inflammatory agents; Hutter et al. [31] identified 8-[C-
beta-D-[2-O-(E)-cinnamoyl]glucopyranosyl]-2-[(R)-2-hydro
xypropyl]-7-methoxy-5-methylchromone from Aloe barba-
densis (Synonym Aloe vera) as anti-arthritic agent. Apart
from these findings, anthroquinones were identified as
potent anti-inflammatory mediators in Aloe vera by
Kashirsagar and co-workers [15]. The TNF-α downreg-
ulating activity of the plant has also been documented
by Prabjone et al. [32] in helicobacter pylori-infected
rats. It is highly expected that the anti-inflammatory
properties of the subject plant in model systems will be
equally attributed to the human system as well. Our
data showed that the crude A. vera gel reduced the
extent of lysosomal membrane lysis and protein de-
naturation in vitro and also regulated the expressions
of major pro-inflammatory cytokine TNF-α and a key
inflammation modulator Cox-2 in vivo following daily

oral consumption in inflammatory RA rat models. To
our knowledge, it is the first report on the effect of
unprocessed Aloe vera gel oral treatment on TNF-α
and Cox-2 gene expressions in arthritic animal models.

Conclusions
The study validates the efficacy of unprocessed aqueous
Aloe gel homogenate in inflammatory disease condition.
Our data indicate promising anti-inflammatory activity
of Aloe gel in the inhibition of lysosomal membrane
lysis, protein denaturation in vitro, and downregulation
of TNF-α and Cox-2 expression in vivo. The scientific
basis of use of raw unprocessed A. vera thus has been
explored. However, an expression study on a broader
spectrum of cytokines would further clarify the scenario.
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